An unknown substance found in bacteria (Escherichia coli) is especially effective in attracting the vegetative amoebae of the cellular slime mold, Dictyostelium discoideum. However, the aggregating amoebae are not attracted to it at all. On the other hand, the vegetative amoebae show very little chemotactic response to cyclic adenosine monophosphate (cyclic AMP), whereas the aggregating amoebae are exceptionally responsive to it. It is suggested that the new factor may be used in food seeking, whereas cyclic AMP, the chemotactic substance responsible for aggregation, is the acrasin of this species. The important point is that the amoebae are differentially stage-specific in their responses to these two chemotactic agents.
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In some recent studies, we have shown that in one species of cellular slime mold, Dictyostelium discoideum, the chemotactic agent or acrasin responsible for bringing the amoebae together in aggregation is cyclic-3',5'-adenosine monophosphate (cyclic AMP; 7-9). Furthermore, this acrasin is apparently produced in large quantities only during the aggregation stage (2) , and the cells become especially sensitive to it at that stage (2, 5, 6) .
It has also been known for some time that bacteria and bacterial extracts will attract amoebae (3, 6, 9, 13; T. M. Konijn, Ph.D. Thesis, University of Wisconsin, 1961) . Since bacteria produce cyclic AMP (10) and cyclic AMP has some ability to attract vegetative amoebae (and also has a strong effect on aggregating amoebae), it was assumed that the amoebae used this substance, first for food location during the vegetative stage and then for aggregation during its developmental stage (2, (7) (8) (9) .
The new results to be reported here show that there is an additional substance present in bacteria which is very much more effective in attracting vegetative amoebae than cyclic AMP. Furthermore, the amoebae completely lose their ability to respond to this second substance as they enter the aggregation stage, the very moment at which their sensitivity to cyclic AMP increases To measure chemotactic orientation, we used the McCutcheon (11) chemotactic ratio. This is the net distance away or towards a source over the total distance traveled by the cell. If the cells move directly away from the cellophane square in a straight line, they will be highly orientated and the chemotactic ratio will be near 1.0. If, on the other hand, they take a tortuous path and show very little net progress, then the ratio will be nearer 0.
Again the chemotactic ratios were calculated for 40 vegetative amoebae under each of the same conditions mentioned above, and it is clear from The cellophane square test was originally tried on amoebae of different ages, with no apparent difference in result, but from what we know now, we never before tried sensitive amoebae on the threshold of aggregation. To do this, the cellophane squares (on 2% agar), well covered with amoebae, were subjected to the Konijn temperature routine; the next morning, they were placed on test plates containing different concentrations of cyclic AMP. At the same time, cellophane squares containing fresh vegetative amoebae were placed on similar plates. The difference between the two was striking. At certain concentrations (especially 10-7 M cyclic AMP), the aggregating amoebae formed large waves of cells that moved outward at a rapid rate, often in a solid front, whereas this movement was never so marked with the vegetative amoebae (Fig. 1) . The formation of a front of fused or adhesive cells appears to be a phenomenon especially associated with cyclic AMP and cells at the aggregating stage.
It is possible to measure the extent of the chemotactic response in the cellophane square test for a range of concentrations of cyclic AMP with vegetative and aggregating amoebae (Fig. 2) . As previously mentioned, the vegetative cells show a small increase for a wide range of concentrations (approximately 10-8 to 10-5 M). In contrast, the aggregating cells show a much higher and sharper peak, which reaches its zenith at about 10-7 M cyclic AMP.
The same experiment was run with dialyzed bacterial extract, which was prepared by the osmotic shock method. This extract (which is free of cyclic AMP) was highly active with the vegetative amoebae, giving cellophane square test values varying from 0.56 to 0.96 mm/hr, depending on the character of the particular extract. When the dialyzed extract was used with aggregating amoebae, there was no effect at all; the amoebae did not leave the square, but simply proceeded to aggregate on the square.
Clearly then, the vegetative amoebae are strongly attracted to the second chemotactic agent in bacteria, but respond only weakly to cyclic AMP. In contrast, the aggregating amoebae respond strongly to cyclic AMP, but have no response to the second chemotactic factor (Table 2).
A few experiments were performed in which various concentrations of cyclic AMP were combined with the dialyzed extracts and placed with aggregating amoebae (Table 3 ). In the case of weak concentrations of cyclic AMP (10 and 10-8 M), there appears to be a definite synergistic effect for the combination of the small amount of cyclic AMP and the dialyzed bacterial extract, having a significantly greater effect than either one alone.
Evidence for an enzyme which inactivates the second bacterial chemotactic factor. As was pointed out earlier, the cellophane square test depends on enzymatic destruction of the chemotactic agent in the region of the square, so as to produce an outward gradient of the attractant.
To determine whether there was an enzyme for this new substance, amoebae were grown on autoclaved E. coli B/r by using Sussman's (15) There is one difficulty with this hypothesis: we do not find that the new factor diffuses through agar. The only way to understand this problem is to purify and hopefully to identify the substance, a program which is now under way. To mention some preliminary results from the chemical study, we know that the substance is heatstable, nondialyzable, negatively charged, and inactivated by an enzyme given off by the amoebae. It is a substance specifically secreted by bacteria (and not, for instance, by the amoebae), and it can be separated by paper chromatography from cyclic AMP which is also given off by the bacteria. That it does not diffuse through agar may be insignificant in nature, where soil and humus are the normal substrates. The problem of food seeking invites further investigation, for it is even possible that both the bacterial cyclic AMP and this new factor are responsible for food location of the slime mold.
There is also the final intriguing point that suboptimal concentrations of cyclic AMP combined with the second bacterial factor produce a greater response in aggregating amoebae than either one alone. Again, this is a matter which can be effectively examined only when the chemical identity of the factor is known, but there are numerous interesting possibilities.
